*Allium fistulosum* L., an herbaceous perennial plant of the family Liliaceae, originates from the western side of China. The leaves are often used for seasoning food because of their special aroma. The root and scaly bulb, which have antibacterial properties, are also widely used as expectorants, antipyretic, and diuretics among people. There are several pathogens which affect the green onion, but the most common are leaf blight, white rot, viral infection, and downy mildew. *Allium* white rot is a serious disease of onion (*Allium cepa* L.) and other *Allium* spp. that has a significant economic impact on crop yields \[[@B1]\]. This disease can reduce yields to uneconomic levels in four years of successive onion crops. The fungus penetrates the root epidermis then invades the cortical parenchyma \[[@B2]\]. Infected plants suffer from water stress and often die prior to harvest or rot in storage \[[@B3]\]. The pathogen persists in the soil in the absence of host plants as *Sclerotia* and can survive in this form for more than 20 years \[[@B4]\]. Following their production, Sclerotia are constitutively dormant for 1\~3 months and will then only germinate in the presence of host plants \[[@B5]\].

Sclerotium is an issue in the repeated cultivation of fields, and green onion quality and productivity is declining because of a sudden increase in it \[[@B6]\]. Sclerotium usually replicates on the inside of the green onion that results in huge amounts of damage caused by the disease in most countries, including the USA, Canada, Europe, Asia, Africa, the middle of south of America, and Australia \[[@B7]-[@B9]\]. The major symptom of *Sclerotium cepivorum* is mycelium breeds around the bottom of the bulb, which increases in severity the worse the disease gets. At its worst, the bulb becomes dark and the upper part of the plant dies. Agricultural chemicals used to prevent breeding are poisonous to animals and other microorganisms and also are known to be harmful to humans.

There is an increasing need to develop an environmentally friendly material to solve these problems. Antibacterial material has various properties, but nowadays antibacterial substance has a well known merit that it can be applied widely and safely as disassembled or volatile substance. Its main spotlight is harmless for human body. For example, the use of silver is becoming more prevalent and studies on silver are also increasing \[[@B10]-[@B12]\]. Silver stops the metabolism of pathogenic bacteria and disinfects it. The electrical load of an emitted silver anion sterilizes the pathogenic microbes by controlling a procreation function \[[@B13], [@B14]\]. It was found that there are no bacteria which can survive after touching sliver for 6 minutes \[[@B15]\]. Based on this theory, it was reported that silver can disinfect almost 650 different microbes and does not harm humans because it is non-toxic but controls the smoothing metabolism function inside of the microbes \[[@B16]\]. Accordingly, this study analyzes the sterilization effect and control of growth using three different types of nano-silver liquid as well as their ability to prevent breeding of the *Sclerotium cepivorum*.

Materials and Methods
=====================

Nano-silver liquid
------------------

Three types of nano-silver liquid WA-CV-WA13B, WA-AT-WB13R, and WA-PR-WB13R ([Table 1](#T1){ref-type="table"}) were provided by the Bio-plus Co. (Pohang, Korea) at a 1,000 ppm initial concentration that was then diluted into different working concentrations.

Fungi and growth media
----------------------

The *Sclerotium* used was picked from the root of an infected onion collected from the vinyl house of Yangsu-Ri, Kyonggi-Do. *Sclerotium* was cultured in potato dextrose agar (PDA), malt extract agar (MEA), and corn meal agar (CMA) media for future use.

Antifungal effects of nano-silver liquid: *in vitro* and field tests
--------------------------------------------------------------------

To determine the antifungal activities of nano-silver against *S. cepivorum*, three different types of nano-silver liquid with its four mixtures in eight different concentrations (1 ppm, 3 ppm, 5 ppm, 7 ppm, 10 ppm, 25 ppm, 50 ppm, 100 ppm) were tested. A mycelial growth inhibition rate was determined by using the following formula.

where, R = Mycelial growth in control plate (diameter in cm), r = Mycelial growth in nano silver treated plate (diameter in cm)

For the field test, nano-silver prepared at each concentration was applied to plant roots each week for a single time. After the experiment, the fresh and dry weights of the plants were measured.

Analysis of the microbe population changes in the soil from which the nano-silver-treated green onion was harvested
-------------------------------------------------------------------------------------------------------------------

Soil component analysis was used to determine the effect of the nano-silver liquids on the composition of soil microbes between treated and non-treated soil samples in the field. Both treated and non-treated soil samples were air dried in a shaded field. In tryptic soy agar media, bacteria were prepared at 1.0 × 10^4^ CFU/mL and fungi colonies were grown in PDA media with different antibiotic liquids (streptomycin sulfate salt: 0.3 g, tergitol: 500 µL, tetracycline: 0.3 g). Fungal and bacterial colonies were counted after the growth in media and the coefficient was calculated.

Analysis of soil treated with various concentrations of nano-silver
-------------------------------------------------------------------

The green onions were washed and treated with different concentrations of nano-silver. The nano-silver-treated green onions were naturally dried and 5 g of stem and root were burned and the ashes were fixed with a total volume of 25 mL aqua regia (HCl : HNO~3~ = 3 : 1). The prepared aqua regia liquid was used to measure the inductively coupled plasma and detect the consistency of the nano-silver. Nano-silver prepared from the aqua regia addition was made similarly to the standard scale of 0.05\~1 ppm, which was measured and used for the experiments.

Results
=======

Examining the ability of nano-silver to control the growth of *Sclerotium cepivorum*
------------------------------------------------------------------------------------

We examined green onion infected with *S. cepivorum* and the ability of nano-silver to control the growth of it in the lab. Diseased green onions were removed from a farmhouse in Yangsu-ri, Gyungki-do and the growth of a mycelium was observed. The three different nano-silver liquids were each used at a concentration of 1 ppm, 3 ppm, 5 ppm, 7 ppm, 10 ppm, 25 ppm, 50 ppm, and 100 ppm on PDA, MEA and CMA culture plates ([Fig. 1](#F1){ref-type="fig"}).

The inhibition rate of each concentration of nano-silver WA-CV-WA13B was observed in PDA media, and it was found that 82% inhibition was observed with a 7 ppm concentration. Likewise an inhibition rate of 89% was observed for a 3 ppm concentration of nano-silver. In MEA media, the growth inhibition was only observed at concentrations over 10 ppm. Inhibition of growth by the nano-silver liquid was highest on the CMA media. MEA had less of an inhibitory effect than PDA. We confirmed that WA-CV-WA13B inhibited mycelium growth at the concentration of 10 ppm. The inhibitory effect of WA-AT-WB13R on each media was more effective than WA-CV-WA13B. The inhibition rate was 86% on PDA with a 5 ppm concentration and 93% on CMA with a 3 ppm concentration. An inhibition rate of 81% of the control percentage on an MEA plate at a 25 ppm concentration on nano-silver WA-PR-WB13R, 81% inhibition was recorded on PDA at a 7 ppm concentration, 84% on CMA with a 10 ppm concentration, and 81% on MEA at a 25 ppm concentration. Over all, nano-silver had the best inhibitory effect on PDA. The differences of growth observed for each media demonstrated that all of the ingredients found in every media have an effect on growth of a mycelium ([Table 2](#T2){ref-type="table"}).

Each media used with the WA-CV-WA13B and WA-AT-WB13R mixtures showed good inhibition rates. The inhibition rate observed at a 3 ppm concentration of nano-silver liquid on CMA media was 83% and on PDA media with a 7 ppm concentration of nano-silver was 82%. Likewise, a 25 ppm concentration of nano-silver on MEA media showed a growth inhibition rate of 85%. The antagonistic effect of nano-silver against fungi was more notable in the CMA media compared to the other types. Other media added with WA-CV-WA13B and WA-PR-WB13R mixture also showed good inhibition rate. At a 10 ppm concentration of nano-silver liquid on PDA media the inhibition rate was 78% and on CMA media with a 3 ppm concentration of nano-silver the inhibition rate was 80%. The mixture of WA-AT-WB13R and WA-PR-WB13R demonstrated good inhibition rates. The inhibition rate observed with a 5 ppm concentration of nano-silver liquid on PDA media was 80% and on CMA media with a 3 ppm concentration of nano-silver was 80%. WA-CV-WA13B, WA-AT-WB13R, and WA-PR-WB13R mixtures also had good inhibition rates. The inhibition rate observed with a 25 ppm concentration of nano-silver liquid on PDA media was 80% and on CMA media with a 1ppm concentration of nano-silver it was 68%. MEA media with a 3 ppm concentration of liquid had a growth inhibition rate of 81%. These results suggest that nano-silver is more antagonistic against fungi on the CMA media ([Table 3](#T3){ref-type="table"}).

Field tests
-----------

We applied different concentrations of nano-silver (10 ppm, 23 ppm, 50 ppm, and 100 ppm) at the base of each plant 4 times each week for up to 4 weeks. After 5 months, the roots of the plants were observed and the dry weight was measured after drying it in drying machine at 80℃. The fresh weight of the harvested green onion was also measured. After the application of nano-silver, treated and non-treated green onions were harvested and the dry weights of the plants were taken. Both the fresh weight and dry weight of the treated plants increased. The green onions treated with WA-CV-WA13B showed the highest dry and fresh weights compared to the other treatments. The onion treated with nano silver liquid has more weight than non-treated or control ones ([Fig. 2](#F2){ref-type="fig"}).

Analysis of the microbe population changes from the soil in which green onions treated with nano-silver were harvested
----------------------------------------------------------------------------------------------------------------------

### Changes in soil microbe populations

We investigated the soil fungi and bacteria by comparing the microorganism population in soil samples taken at the places where nano-silver liquid was used to treat green onions. This experiment was conducted to determine if nano-silver treatment affected useful microbes ([Tables 5](#T5){ref-type="table"} and [6](#T6){ref-type="table"}). The number of bacteria in the soil from treated individuals generally decreased in comparison to the soil from nontreated individuals. Although non-treated soil microbes did not decrease but some increase was observed. Not only did fungi colony increase but the number of live materials also increased. The fresh weight decreased at the beginning but it increased at the end of the experiment. The nano-silver components did not reduce the number of soil microbes and it did not play a role in the extinction of any soil microbes.

### Soil ingredients analysis

The soil used to cultivate the green onion was analyzed, and after two months, the soil treated with nano-silver liquid was not significantly different than non-treated soil. As shown in [Table 7](#T7){ref-type="table"}, an electric conductivity (EC) of 334.60 was observed in controls and a maximum of 443.00 was observed among the treated soil, and the minimum observed after two months was 289.50. In the P~2~O~5~ analysis, the treated soil had increased levels of P~2~O~5~ in comparison to the control which was 905.55 and it was decreased to 646.11 after 2 months of treatment. Contents of the organic compounds dropped from 5.94 to 4.07 after 2 months. The T-N content was not different between treat and non-treated soil, the content of Ca and Mg decreased, and K and Na slightly increased. A positive ion EC (mg/100 g) decreased by 2.98 less than the control ([Table 7](#T7){ref-type="table"}).

Soil treated with nano-silver did not show many differences in comparison to the non-treated control. Specifically, the pH value of treated and non-treated soil was not significantly different. In soil component analysis, it was found that nano-silver did not decrease the soil ingredients and that it was safe for controlling different fungi from an environmental perspective too.

Analysis of soil treated with various concentrations of nano-silver
-------------------------------------------------------------------

Nano-silver was used to treat a green onion field to test for its effectiveness according to the concentration available. The best results were found in soil treated with a concentration of 25 ppm. Likewise 10 ppm, 50 ppm, and 100 ppm treated soil showed a 0.11 mg, 0.33 mg, and 0.24 mg silver concentration, respectively.

In the field analysis, an increase in the treatment of nano-silver concentration in green onion showed decreased level of silver when it was observed after experiment. This suggests that nano-silver liquid and silver contained in the green onion plant should be examined in future.

This research has shown that nano-silver is harmless in the human body if safety measures are applied and that nano-silver liquid can increase plant productivity and reduce environmental pollution.

Discussion
==========

In Korea, the green onion is affected by many *Sclerotium* forming fungi. Among them *Sclerotium cepivorum* is the most prevalent. Therefore, in this study we attempted to control the disease caused by this fungi using nano-silver liquid. These results suggest that nano-silver is effective for fungi growth inhibition. In our studies, nano-silver liquid provided by Bio-plus Co., Korea was used and diluted to make different concentrations of nano-silver. The nano-silver liquid was then used to analyze the inhibition of fungi on different medium including PDA, MEA, and CMA. *Sclerotium cepivorum* was inoculated at the center of each different media plate containing different concentrations of nano-silver liquid. The inhibition rate was calculated by applying the given formula for each replicate in comparison to the control. As a result, it was found that nano-silver liquid WA-CV-WA13B (CV) had the highest inhibition rate on CMA media at the 3 ppm concentration, and that WA-AT-WB13R (AT) had the same result. However, WA-PR-WA13R (PR) had a higher inhibition rate on PDA media at the 7 ppm concentration. When all three of the nano-silver liquid mixtures were applied, the highest inhibitory effect occurred on the CMA media. Similar results were observed in the field when green onion plants were treated with different concentrations of nano-silver (10 ppm, 25 ppm, 50 ppm, and 100 ppm). In this case, WA-CV-WA13B showed the effective inhibition according to biomass observed from the dry weight of the onion ([Table 4](#T4){ref-type="table"}).

To analyze the changes in the microbe population in the soil where green onions were collected and treated with or without nano-silver liquid. The bacterial population was decreased more in the treated soil in comparison the non-treated soil, and fungi populations other than *S. cepivorum*, which was not found, increased. In the early stage bacteria decreased but later on it increased. The only soil microbes were affected by the nano-silver liquid was *S. cepivorum*. In comparison to other microbes, nano-silver affected ecological aspects of certain microbes. According to soil component analysis, there was no difference in the pH value of nano-silver liquid treated soil after 2 months. When the amount of nano-silver was calculated in the plants grown in nano-silver treated soil, it was found that the concentration of nano-silver used for treatment and the concentration of nano-silver found in the plants was inversely proportional. Therefore, more experiments are needed to determine the actual concentration of nano-silver needed to control microorganisms.

We conclude that the nano-silver liquid is effective for the control of *Sclerotium cepivorum*. Nano-silver liquid for the prevention of various plant pathogenic fungi is highly recommended to farmers. Additionally, the use of nano-silver does not cause any harm to human beings, and it is safe for the environment and agricultural products. In conclusion, we can say that by using nano-silver liquid, environmental pollution and the excessive use of chemical compounds in the field can be reduced. It is expected that the application of nano-silver at low concentrations will be economic, eco friendly, and decrease farm management costs.
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Types of nano-silver used in this study
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###### 

Inhibitory effects of nano-silver WA-CV-WA13B, WA-AT-WB13R, and WA-PR-WB13R against *Sclerotium cepivorum* on three different types of media
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PDA, potato dextrose agar; MEA, malt extract agar; CMA, corn meal agar; CTR, control.
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The inhibitory effects of three different nano-silver combinations against the mycelial growth of *Sclerotium cepivorum* on three different media
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PDA, potato dextrose agar; MEA, malt extract agar; CMA, corn meal agar; CTR, control.

^a^WA-CV-WA13B.

^b^WA-AT-WB13R.

^c^WA-PR-WB13R.
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The effect of nano-silver treatment on the fresh and dry weights of green onions
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CTR, control.
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Changes in the population of various bacteria from green onion cultivated greenhouse soil
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CTR, control.
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Change in the population of various fungi from green onion cultivated greenhouse soil
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CTR, control.
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Analysis of soil treated with various concentrations of nano-silver
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EC, electric conductivity; CEC, cation exchange capacity; CTR, control.

^a^Untreated.

^b^WA-CV-WA13B.

^c^WA-AT-WB13R.

^d^WA-PR-WB13R.
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Silver concentrations found in nano-silver-treated green onion plants after collection from the field
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